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For the past several years, there has been a steady decline in the number of internal medicine residents applying for fellowship positions in infectious diseases (ID) \[[@CR1]\]. Of 406 ID fellowships offered, 86 were not filled during the 2020 National Resident Matching Program \[[@CR2]\]. A majority of residents remain uninterested, with most changing their mind later after initially considering ID, citing salary, lack of procedures, and training length as primary deterrents to choosing ID \[[@CR3], [@CR4]\]. Although ID appears to be preferred over other specialties like geriatrics in countries like France \[[@CR5]\], it is unknown if the lack of interest in ID is a phenomenon occurring worldwide or restricted to the USA, as this seems to be an understudied issue.

It is possible that improving and innovating how microbiology is taught in medical school could in turn improve the interest in ID. It was previously reported that a greater percentage of graduating internal medicine residents that applied to ID thought that the quality of their medical microbiology curriculum was very good, and that the quality of their preclinical training was very influential in the level of interest in ID \[[@CR6]\]. The majority of residents, especially those who selected ID as a career, stated that they became interested in their chosen field before or during medical school \[[@CR7]\].

In a world threatened by longstanding, emerging, and re-emerging IDs, a new generation of well-trained ID specialists is needed to tackle the challenging work of providing correct diagnoses, choosing antibiotics wisely, and understanding when to stop them \[[@CR1], [@CR8]\]. Immunology education has historically been tightly linked to ID, but with advancements in this field (e.g., cancer immunotherapies, inflammatory syndromes, and autoimmune diseases) its importance in several clinical specialties goes beyond protective immunity \[[@CR9]\]. Therefore, educating the next generation of physicians in the field of ID would have an enormous impact on the application of new scientific knowledge to human diseases in various fields \[[@CR10]\].

Reforms in microbiology curricula at medical schools \[[@CR11]\] should be developed, providing first-, second-, or third-year medical students with access to an ID experience designed to spark intellectual curiosity and inspire the pursuit of a career in the field of ID. Exploring ID concepts, inside or outside of their primary institution \[[@CR12]\], via the use of technology could have a positive effect in the much needed supply of new ID specialists.

Teaching Modalities {#Sec2}
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Methods of teaching basic science in medical schools are rapidly changing \[[@CR13]\]. Regarding the structure of medical school ID learning sessions, it has been previously reported that those who applied to ID belonged to a medical school with a curriculum that moved away from traditional lectures and had higher proportion of case-based and laboratory-based training, compared with those that only considered ID or were uninterested \[[@CR6]\]. Furthermore, this same study also showed that mentorship, scholarship, and/or conference attendance positively influenced entry into a chosen field.

The Infectious Diseases Society of America (IDSA) has provided guidelines for improving the teaching of preclinical medical microbiology and ID \[[@CR14]\]. They also have prepared a detailed report on factors that are likely to influence the future supply and demand for ID physicians and related projections \[[@CR11]\]. These recommendations try to distance ID education from utilization of PowerPoint lectures and multiple choice tests, which encourage short-term memory, without promoting understanding and long-term memory. Strategies such as incorporating real-time teaching, peer instruction of large group sessions, and small-group discussions promise to enhance learning and reignite the interest in the field of ID \[[@CR14]\]. In fact, peer teaching for medical microbiology lectures has shown an improvement of students' level of understanding, satisfaction, and attitude toward learning \[[@CR15]\].

Identifying learning platforms that could facilitate effective knowledge transfer with improved quality and efficiency is one of the aims proposed by the Global Independent Commission for Education of Health Professionals \[[@CR16]\]. This international commission's proposed framework and strategy is not specific to ID, but rather aims for education improvement in medicine as a whole \[[@CR16]\]. Instructional reforms have helped the continuous development of medical education, moving from a science-based curriculum, toward problem-based learning and a system-based competency \[[@CR16]\].

How Technological Innovation Impacts Microbiology Teaching and Learning Experiences {#Sec3}
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Technological advances are making processes and products more efficient, making the way we acquire information much faster. Innovations in health have also exploded in the last decade with devices that connect to the Internet, allowing for easy dissemination of information. Within medical education, microbiology and immunology have greatly benefited from online learning, and the use of electronic media \[[@CR17]\], has shown to improve medical students' microbiology examination performance and engagement \[[@CR18]\]. Technology should be used to support the ongoing development of learners from undergraduate medical education through clinical practice. Detailed recommendations on the use of education technologies in health professions have been provided by the Josiah Macy Jr. Foundation \[[@CR19]\]. These describe the use of technologies for face-to-face, online, and simulation-based instruction, as well as technologies for assessment, and integration with clinical practice \[[@CR19]\].

Learners from this new generation, as well as educators, need to be prepared for a new health system that relies heavily on technology. The adoption of innovative pedagogies complemented by educational technologies that promote active engagement in the learning process \[[@CR20]\] may be a challenging process. Increasing demands on faculty time, expanding class sizes and curricula, and a desire to increase accessibility while ensuring affordability threatens innovation in health education \[[@CR21]\]. To these drawbacks, we should add e-learning's perceived usefulness, and in some cases ease of utilization (compared with widely used platforms such as Google) \[[@CR10]\].

There are several ways to enhance medical education through the incorporation of state of the art technology in teaching, learning, and assessment \[[@CR22], [@CR23]\]. Since educational technologies include materials and devices used to solve practical problems related to training and learning, the utilization of novel and practical technological devices can also have an impact on the experiential learning of basic sciences such as microbiology and immunology. Low-cost devices can help medical students' interests in scientific advances, such as next-generation sequencing and its numerous applications in medicine \[[@CR24]\]. Science platforms with a microbiological focus \[[@CR22]\], along with teaching support from university research laboratories \[[@CR25]\] and the application of bioengineering, can also improve microbiology learning \[[@CR26]\]. Experiential learning of medical students undertaking a microbiology/immunology research project has shown subjective attitude changes after the experiential learning (i.e., increased science motivation, confidence, and knowledge), and developing a new social niche \[[@CR27]\]. When aligned with organizational goals, experiential learning can help achieve improvements in quality and safety at the clinical level while also improving the education and competency of trainees \[[@CR28]\].

In an era of globalization, modern medical education needs to build opportunities for developing a global health workforce that understands the role of culture, scientific and technological literacy, and new effective approaches to health and disease. As health education becomes increasingly globalized, standardization of knowledge, skill, and professionalism competencies will become necessary. Teaching quality, with transmission of knowledge, skills, and attitudes with assessment of processes rather than content, will be the new paradigm to provide future physicians with the critical thinking required to adapt and thrive within this new environment.

The shortage of ID specialists has important implications in our fight against ID threats such as the current COVID-19 global pandemic \[[@CR29]\]. In order to address this problem, we need to perform extensive research to identify the issues that medical learners and trainees are facing as they progress through their medical education toward the ID specialty.
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